Cytochrome 553 couild be oxidized with postassitum ferricyanide and reduced with sodium ascorbate. The absorption max:ma of the cytochrome in reduced form were found to be a-band 552.5 nm, 8-band 522.5 nim, and Soret band 416.5 nm. The normal redox potential was +0.37 volt, and the molecular weight was estimated to be 12,000 ± 2000. The cytochrome closely resembled that of the c-type cytochromes extracted from Euglena and Porphyra. Warhen cuilttures were harvested after they had entered stationary phase, the cytochrome couild be extracted in soluble form, and in some cases a yield of one cytochrome per 1000 chlorophyll molecules could be obtained.
Ferredoxin showed absorption maxima at 278, 330, 420 and 460 nm. Thus it resembles the ferredoxin extracted from spinach. The molecular weight of the ferredoxin was estimated to be 15,000 ± 2000.
In the previous paper (7) we described a procedure for isolating and purifying plastocyanin from Chlamtydoinoonas reinhardi. Both cytochrome 553 and ferredoxin were also isolated and puirified by this procedture.
Smillie and Levine (15) observed the presence of a cytochrome similar to cytochrome f (4) in acetone powders of C. reinhardi. This cytochrome from C. reinhairdi, with its a-band at 553 nm, is denoted hereafter as cytochrome 553. The investigationi by Smillie and Levine (15) ported here, ferredoxin was isolated and purified from acetone powders and some of its proporties were identified.
Materials and Methods
Organisms and Conditions of Growth. The wild-type strain (137c) of C. reintlhardi was uised and the conditions for its growth were as previously described (7) except that when it was desirable to obtain cytochrome 553 in soltuble form ctulttures were allowed to contintue growing for 48 hours after the termination of exponential growth.
The Extraction and Purification of Solutble Cytochrome 553. The extraction and pturification of soluble cytochrome 553 was carried otut bv the procedture described for plastocyanin (7) . The chromatographic behavior of the cvtochrome was found to be very similar to that of plastocyanin, and in fact, plastocyanin was a persistent and troublesome contaminant in the preparations of cytochrome 553. Normally, the cytochrome was separated from the bulk of the plastocyanin in step 2 of the purification procedture (7) .
The Quantitative Determination of Cytochronte .553. The amount of cytochrome 553 in purified preparations free from plastocyanin was determined by measturement of the reduiced-mintus-oxidized absorbance difference at 552.5 nm, the a-band maximum of the isolated cytochrome. The reduictionl was achieved by the addition of sodium ascorbate and the oxidation by addition of potassium ferricyanide. An extinction coefficient, reduced-minusoxidized, of 20 cm2/umole cytochrome was assumed (15) . This value is very close to the actual extinction coefficients 19.6 and 19.7 cm2/Jumole reported for the cytochrome f of parsley (5) and cytochrome 552 of Euglena (14) respectively.
The Extraction and Purification of Ferredoxin. Crude ferredoxin was obtained as a byproduct from step 1 of the plastocyanin purification (7). The crude ferredoxin was dialyzed for 12 hoturs at 4°a gainst 2 liters of 0.01 M phosphate buffer, pH 7.0, and applied to a column (1.3 X 10 cm) of DEAE cellulose (7). The column was washed with 0.05 M phosphate buffer, pH 7.0, containing 0.15 KCl until the brown band of ferredoxin had spread nearly to the bottom of the column. The ferredoxin was then eluted with 0.05 M phosphate buffer, pH 7.0, containing 0.30 M KCI, and the elution was terminated as soon as 90 % of the ferredoxin had been removed from the column.
The ferredoxin was then dialyzed for 12 hours against 2 liters of 0.01 M phosphate buffer, pH 7.0 and applied to a small colmtmn (0.6 X 5 cm) of DEAE cellulose. It was eluted with a minimum volume of 0.05 M phosphate buffer, pH 7.0, containing 0.40 M KCl and then subjected to gel filtration on Sephadex G-75 as described under step 4 of the procedure for the pturification of plastocyanin (7) .
In order to concentrate and to store the pturified ferredoxin, it was dialyzed for 12 hours against 0.01 M phosphate buffer, pH 7.0, and applied to a small column (0.6 X 5 cm) of DEAE cellulose. It was eluted with a minimum volume of 0.05 M phosphate buffer, pH 7.0, containing 0.40 M KCl and dialyzed for 12 hours against 2 liters of 0.005 M phosphate buffer, pH 7.0. The ferredoxin was then stored as a frozen solution at -15°.
The Quantitative Determination of Ferredoxin. The amount of ferredoxin was calculated from the absorbance at 460 nm using the extinction coefficient 9.30 cm2/umole (17) .
Results and Discussion
The Isolation and Pitrification of Cytochromte 553. As shown in figure 1 the presence of plastocyanin in partially purified preparations of cytochrome 553 effectively prevented a direct measurement of its oxidized-minus-reduced absorbance difference. In sutch cases the amount of cytochrome 553 was determined by measuring the height of the a band maximum in the reduced spectrum above a straight line drawn so as to intersect the reduced spectrum at 542 and 561 nm. These wavelengths approximate the isosbestic points of the purified cytochrome 553 (fig 3) . For pure cytochrome 553 this method gave nearly identical re- The preparations differed from those described in the previous paper (7) figure 4 , and the positions of the variouis absorption maxima are given in table I.
Cytochrome 553 was readily oxidized by potassitum ferricyanide and reduced with sodium ascorbate. In its reduced form, the cytochrome showed no tendency to autoxidize. The normal oxidationreduction potential of cytochrome 553 was measured spectrophotometrically according to the method previously described (7) using a mixture of potassium ferri-and ferrocyanide. As shown in figure 4 the cytochrome was just 50 % oxidized by a mixture having a 10:1 molar ratio of ferrocyanide to ferricyanide. Thus, the normal oxidation-reduction potential of cytochrome 553 from C. reinhardi was calcuilated to be +0.37 volts at pH 7.0.
During gel filtration, cytochrome 553 was observed to elute from Sephadex G-75 just after plastocyanin (7). The distribution coefficient, KD, of the cytochrome was thereby estimated to be 0.51. (9, 10, 12, 16) . The puirified ferredloxin was foulnd to be active as a cofactor for NAL)P photoredlluction by chloroplast fragments of C. reinhardi (8) .
From the position of the ferredloxin p9ak folloxving eluition from Sephadex G-75, its distribtution coefficient, Km, was fLund to be 0.44, corresponding in molecuilar size to a globular protein having a moleceilar weight of 15,(000 + 2(000 (1). By comparison the molecullar weight of spinach ferre-doxill has been variouisly reported as 1 2,0)) ( ) aindl 13, 0) Each of these proteins plays a role in photosyinthetic electron tranisport, and( their isolation anld ptrificatioin was unldertaken becauise first, multaint strains of C. reMinardi have been discovered that lack, or possess in inactive form, either c-tochrome 553 or plastocyanin (6, 8) , anId a mutant strani in which ferridoxini is affected is being souight. Accordiingly, it is essential to ha-e a reliable anI a well-defined procedutre for the isolationi, idenitificat- 
